Abstract. Astrophysical site(s) of rapid neutron-capture process (r-process) is (are) not identified yet. Although core-collapse supernovae have been regarded as one of the possible candidates of the astrophysical site of r-process, nucleosynthesis studies suggest that serious difficulties in core-collapse supernovae to produce heavy elements with mass number of 110. Recent studies show that neutron star mergers (NSMs) can synthesize these elements due to their neutron rich environment. Some chemical evolution studies of the Milky Way halo, however, hardly reproduce the observed star-to-star scatters of the abundance ratios of r-process elements (e.g., Eu) in extremely metal-poor stars. This is because of their low rate (∼ 10 −4 yr −1 for a Milky Way size galaxy) and long merger time ( 100 Myr). This problem might be solved if the stars in the Galactic halo are consisted of the stars formed in dwarf galaxies where the star formation efficiencies were very low. In this study, we carry out numerical simulations of galactic chemo-dynamical evolution using an N-body/smoothed particle hydrodynamics code. We construct detailed chemo-dynamical evolution model for the Local Group dwarf spheroidal galaxies (dSphs) assuming that the NSMs are the major source of r-process elements. Our models successfully reproduce the observed dispersion in [Eu/Fe] as a function of [Fe/H] if we set merger time of NSMs, 300 Myr with the Galactic NSM rate of ∼ 10 −4 yr −1 . In addition, our results are consistent with the observed metallicity distribution of dSphs. In the early phase ( 1 Gyr) of galaxy evolution is constant due to low star formation efficiency of dSphs. This study supports the idea that NSMs are the major site of r-process nucleosynthesis.
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On the other hand, detailed nucleosynthesis calculations suggest that NSMs can synthesize these heavy r-process elements [e.g., [12] [13] [14] . Previous galactic chemical evolution studies however pointed out that NSMs hardly reproduce the observed large star-to-star scatters of extremely metal-poor stars by NSMs due to their long merger time ( 100 Myr) and low occurrence rate (∼ 10 −4 yr −1 for a Milky Way size galaxy) [15] [16] [17] . Several recent chemical evolution studies also require unlikely short merger time of NSMs ( 10 Myr) or SNe to reproduce the observation [18] [19] [20] .
This problem may be solved by calculating the chemical evolution according to the hierarchical merging paradigm. Ishimaru et al. (2015) suggest that NSMs with long merger time (∼ 100 Myr) can account for the observation if the Milky Way halo was formed from sub-haloes with lower star formation efficiency in smaller mass sub-haloes [21] . Hydrodynamical simulations of galaxy formation also suggest that it is possible to reproduce the observation by NSMs with merger time of 100 Myr [22, 23] . However, high resolution models of van de Voort et al. (2015) suggest that it is difficult to reproduce the observation by NSMs with long merger time. In addition, it has not been clear how the merger time affects the final abundance pattern of r-process elements.
In this study, we aim to clarify the enrichment history of r-process elements by NSMs of different merger time using high-resolution N-body/smoothed particle hydrodynamics (SPH) simulations. We perform a series of simulations of dwarf spheroidal galaxies (dSphs) which would be building blocks of the Milky Way. The mass of one gas particle (m gas ) is 4.0 × 10 2 M , which is 1 dex higher mass resolution than the highest resolution model of van de Voort et al. (2015) [22] (m gas = 7.1 × 10 3 M ). In this paper, we discuss the effects of the merger time of NSMs with high resolution simulations.
Method and models

N-body/smoothed particle hydrodynamics code, ASURA
We perform a series of simulations using an N-body/SPH code, ASURA [24, 25] . Details of the implementation of the code are described in Hirai et al. (2015) [26] . Gravity and hydrodynamics are computed using tree method [27] and SPH [28] [29] [30] , respectively. Metallicity dependent cooling/heating function generated by Cloudy [31, 32] from 10 K to 10 9 K is adopted in this study. We adopt three kinds of particles in our simulation (dark matter, gas, and star). Dark matter particles are treated as collisionless particles to compute gravity. Gas particles are treated as SPH particles for hydrodynamics calculation. To compute chemical evolution and supernova feedback, we treat star particles as single stellar population (SSP) particles, i.e., each star particle is assumed to be an assembly of stars with the same age and metallicity.
For star formation, we require three conditions for gas particles: converging flow, high density (> 100 cm −3 ), and low temperature (< 1000 K) following Saitoh et al. (2008) [24] . When a gas particle satisfies these conditions, one third of the mass of a gas particle is converted into a newly formed EPJ Web of Conferences 02001-p.2 star particle. For metallicity of newly formed stars, we adopt an average metallicity of surrounding gas particles in a star forming region [26] . This is interpreted as a simple metal mixing. Hirai et al. (2015) [26] discuss the effect of metal mixing to the enrichment of r-process elements. We adopt the Salpeter initial mass function inside a star particle [33] . We assume that stars with a mass of 8-40 M explode as CCSNe and distribute thermal energy of 10 51 erg and chemical elements to surrounding gas particles. We adopt nucleosynthesis yields of Nomoto et al. (2006) [34] . We implement NSMs in the same way as CCSNe. We assume that 1 % of stars with a mass of 8-20 M cause NSMs with the yield of 10 −2 M for all r-process elements. This corresponds to the rate of 10 −4 yr −1 for a Milky Way size galaxy which is consistent with the observational estimates [35] . We set merger time of NSMs (t NSM ) from 10 Myr to 500 Myr. Since 97 % of the number of Europium (Eu) is produced by r-process [36] , we regard it as a representative of r-process elements. Table 1 lists the name of models and adopted merger time. Table 1 . Lists of models.
Model
t NSM (Myr) m010 10 m100 100 m500 500
Isolated dwarf spheroidal galaxy models
In this study, we assume isolated dSph models following Revaz et al. (2009); Revaz & Jablonka (2012) [37, 38] . Both dark matter and gas particles are distributed following the pseudo-isothermal profile,
where ρ is the density of the galaxy model, ρ c is the central density, and r c is the core radius. The total mass of the galaxy (M tot ) is determined by the following equation,
where r max is maximum outer radius. We set M tot = 7.0 × 10 8 M , r c = 1.0 kpc, and r max = 7.1 kpc. The initial total number of particles in all models is 524,288. The mass of one dark matter and gas particle are 2.3 × 10 3 M and 4.0 × 10 2 M , respectively. We set the gravitational softening length as 7 pc for all models. Figure 1 shows the metallicity ([Fe/H] 1 ) distribution of our model. As shown in this figure, the calculated metallicity distribution reproduces the observation. Since we only vary the merger time of NSMs, which does not affect the Fe abundance, metallicity distributions are the same for all models. In addition to the metallicity distribution, we have checked that velocity dispersion and time variation of the star formation rate are consistent with the observed dSphs. Star formation rate for the first 1 Gyr from the beginning of the simulation is 10 −3 M yr −1 . Due to this low star formation rate, chemical evolution of dSphs is expected to be slow. Detailed chemo-dynamical properties of dSph models are discussed in Hirai et al. (2015) [26] . 
Results
Discussion
In the last section, we have shown that models with t NSM ≤ 100 Myr are consistent with observation. This result suggests that NSMs with merger time of ∼ 100 Myr can be the astrophysical site of rprocess. On the other hand, several chemical evolution studies suggest that it is difficult to reproduce the observation using NSMs with t NSM ∼ 100 Myr [e.g., [15] [16] [17] [18] [19] [20] . This is related to the difference in star formation efficiency among these models. Since we consider dSphs, the star formation efficiency of the early phase ( 1 Gyr) is < 0.1 Gyr −1 [26] . On the other hand, star formation efficiencies typically adopted in previous studies are 0.1-1 Gyr −1 , resulting in the lack of metal-poor stars polluted by Eu. Due to the low star formation efficiency in this model, chemical evolution in the early phase is expected to be slow. . We exclude stars in the Fornax dSph due to extremely strong contribution of s-process. We also exclude carbon enhanced stars which may be affected by binary mass transfer. 
Summary
In this study, we have investigated the enrichment of r-process elements in isolated dSph models with a fixed mass by a series of N-body/SPH simulations. The results suggest that NSMs with merger time of 300 Myr can be the site of r-process. However, the effects of mass and density of dSphs to the enrichment of r-process elements are not understood yet. We will discuss how the mass and density of galaxies affect the enrichment history of r-process elements in the forthcoming paper. 15H03665). Numerical computations and analysis were in part carried out on Cray XC30 and computers at CfCA, NAOJ.
